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(57) Pea>epaT: 

flanbHOMepHwK cnoco6 onpeAeneHMfl 
MecTonojioweHMH n cocTaBjiHioiUMx Beiaopa 
CKopocTM o6^>eiaoB no paflMOCMrHanaM 
KocMMMecKnx annapaTOB cnyTHMKOBUX 
paflMOHaBMrai4MOHHbix cucTeM MoweT ObiTb 
ncno/ib30BaH b KocMUMecKOM paflMOHaBurai^nn m 
reofle3MM. CornacHO cnoco6y npuHMMatoT 
N-KaHanbHbiM npMeMHWM ycTpoficTBOM, 
ycTaHOB/ieHMbiM Ha 06-beKTe, HaBMrai^MOHHbie 
paAMocMmanbi cnyTHMKOB, onpeAexinioT 
AaxibHocTM ot ofrbeicroB ao xaxcAoro cnyTHMKa 
nyTeM M3MepeHMfl BpeMeHHbix cABuroB KOAOBbix 
nocneAOBaTejibHocrew, 4)opMnpyeMbix 
reHepaTopaMM cnyTHMKOB OTHOCMTenbHO 
koaobom" nocneAOBaTe/ibHocTM, c()opMMpyeMOfl 
reHepaTopaMM 06-beiaa, a TaioKe cocraB/ifliomMx 
BeKTopa CKopocTM nyTeM M3MepeHMfl 
npMHMMaeMbix AonneposcKMx cabmcob ^acroTbi 
c McnoribsoBaHMeM CMCTeM cneKeHMa aa 

Hecyil^MMM. npM 3TOM B N-KaHdJIbHOM npneMHOM 
yCTpO^CTBe, OAHH M3 KOTOpblX ABJlfleTCfl 

aeAyiMMM, a APyrne - BeAOMbiMM KaHanaMM, 
npoM3BOAflT onpeAexieHMe pa3H0CTM 
AanbHOCTefl Me>Kfly AaribHocTflMM, 

M3MepeHHbIMM BeAOMbiMM npMeMHblMM 

yCTDOMCTBaMM M ASJlbHOCTblO, MSMepeHHOM 

BeAyiMMM npneMHbiM ycTpoflcTBOM, a TaiOKe 
onpeAeneHMe pa3HOCTefi cKopocTeM" M3MeHeHMw 
AaribHocTeM Me>«Ay ckopoctamm M3MeHeHM& 
AajibHocreft, BbiMMcneHHbiMM no M3MepeHM«M 

AOnnepOBCKMX CflBW"OB HaCTOTbl BeAOMbiMM 



npMeMHbIMM yCTpofiCTBaMM M CKOpOCTblO 

M3MeHeHM« Aa^bHocTM, BbiMMC/ieHHofl no 
M3MepeHMio AonnepoBCKoro cflBura nacTOTbi 
BeAyu^MM npneMHbiM ycTpotfcTBOM, 3aTeM 
npoM3BOAflT onpeAeneHue ABofiHbix pa3HocTefl 

AaJlbHOCTe^ M ABOMHbJX pa3HOCTe^ CKOpOCTeM 

M3MeHeHM« AanbHOCTefi nyTeM BsaMMHoro 
BbWMTaHMB APyr M3 APyra pa3H0CTetf 
AaribHocTeM m pa3H0CTeM" CKopocTefi M3MeHeHM« 
AanbHocTe^. TexHMMecKMfl pe3ynbTaT 
3aicnK)HaeTCfl b noBbiiueHMM tomhoctm 
onpeAeneHM« KoopAMHaT MecTono/ioxeHMfl, 
cocTaanfliotHMX Beiaopa ckopoctm 
onpeAenwioiAerocfl o6"beiaa no HaBMrauMOHHbiM 
CMmanaM KA CPHC; m c Mcnorib30BaHMeM 
paAMOCMmanoB Ha3eMHbix BosAyuJHbix 
mctohhmkob paAMOM3nyMeHM^, a TaioKe c 
Mcnonb30BaHMeM paAMOM3JiyMeHMM KA ApyrMx 

CMCTeM M MMMTaTODOB. 4 3.n. <})-Jlbl, 3 Mil. 
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(57) Abstract: 

FIELD: space radio navigation and 
geodesy. SUBSTANCE: navigation radio signals 
of satellites are received by N-channel 
receiver mounted on object, range from 
object to each satellite is found by 
measurement of time shifts of code sequences 
formed by satellite generators with regard 
to code sequence formed by object generators 
and of components of vector of velocity and 
by measurement of received Doppler shifts of 
frequency with use of systems tracking 
carriers. N-channel receiver has one driving 
channel and several driven channels, it 
determines difference between ranges 
measured by driven receiving channels and 
range measured by driving channel. It also 
determines difference of rates of change of 
ranges between rates of change of ranges 
computed by measurements of Doppler shifts 
of frequency by driven channels and rate of 
change of range computed by change of 
Doppler shift of frequency by driving 
receiving channel. Then determination of 
double differences of ranges and double 



differences of rates of change of ranges is 
conducted by way of mutual subtraction of 
differences of ranges and differences of 
rates of change of ranges. EFFECT: increased 
accuracy of determination of coordinates of 
position, components of vector of velocity 
of determined object by navigation signals 
of spacecraft of satellite radio navigation 
systems, with use of radio signals of ground 
and air radiation sources and with use of 
radiations of spacecraft of other systems 
and simulators. 4 cl, 2 dwg 




-2- 



7J 
to 

O 



H3o6peTeHne othocmtch k oonacTM 
KocMUMecKort paAMOHaBMraunn, reoAe3MM m 
M0K8T 6biTb ncnonb30BaHo Ana onpeAeneHMfl 
KoopAHHaT MecTononojKeHMA n cocTaanfliotHMX 

BeKTOpa CKOpOCTM o6"beKTOB. 

M3BecTeH AonnepoBCKMM* 
pa3HocTHO-Aa/ibHOMepHbiM cnoco6 
onpeAeneHUfl Koop-AMHaT MecTono/ioweHMfl m 
cocraBTifliomux seicropa ckodoctm oo^beKTOS no 
HaBMrai^MOHHUM paAnocumanaM KocMnnecKnx 
annapaTOB (KA) cnyTHMKOBbix 

paAHOHaBuramiOHHbix CMereM (CPHC), 
OCHOBaHHbliH Ha M3MepeHMHX pa3H0CTe« 

TonoueHTpuMecKHX paccTOAHMfl Meacay 
o6"beicroM m AByivin nonoxeHMflMM oahoto n Toro 
)Ke HaBMrai^HOHHoro KA (HKA) b 
nocneAOBaTe/ibHbie MOMeHTbi BpeiweHM (n.C. 
BonocoB, KD.C. fly6eHKO m Ap. CyAOBbie 
KOManeKCbi cnyTHMKOBOfi HaBurai^MM. Jl.: 
CyAOCTpoeHne, 1976). 

(IpaKTMMecKOM peajiM3auueii n3BecTHoro 
cnoco6a HBJifliOTCfl poccMflcKaa CPHC "LlMKaAa" 
m aiviepviKaHCKafl CPHC "TpaH3MT" 
HaBuramioHHbie cucreMbi nepBoro noKoneHMfl. B 
HeM nHTerpnpoBaHne Aon/iepoBCKoro CMemeHMfl 
HacTOTu npuHATbix sa HHTepBan BpeMeHM A T 
ot Hasnrai^noHHoro MCKyccTBeHHoro cnyTHMKa 
3eMnn (HHC3) paAMOCMmaxioB no3BO/i«eT 
onpeAe/iMTb mmcjio a^hh bo/ih, 
yjcnaAbiBaramnxcfl b pa3HOCTb paccTOHHMfl ot 
(Jja30Boro ueHTpa aHTeHHbi npneMHoro 
ycTpo^CTBa 06-beiaa ao AByx nonoweHMfi HHC3 
(AByx nonoweHMfl cpasoBoro i^eHTpa aHTeHHbi 
HMC3): 
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rAe 

ti m t 2 - BpeMfl nepeAann BpeMeHHbix MeTOK 
HMC3; 

Rl(ti) M R 2 (t2) - paCGTOflHUH Me>KAy 
4)a30BbiMM ueHTpaMM ameHH o6-beiaa m HHC3; 
c - CKopocTb CBeTa; 
f n - nacTOTa npuHUMaeMoro CMmana; 
f 0 - MacroTa onopHoro CMmana, 

fn = A^m + A ^mo + A frp + A firp + A fflp > 

f M - MacroTa CMmana, M3JiynaeMoro HHC3; 
±a^m - HecTa6nnbH0CTb nacTOTbi 
H3JiyMaeMoro CMmana; 

aWa^tp " H©M3BeCTHbl8 CABHIX H3CTOTbl, 

o6yc/ioBneHHbie pacnpocipaHeHneM cumanos b 
MOHoc^epe, Tponoafeepe; 

^frp - HBM3BeCTHblM CABMT HaCTOTbl, 

o6ycnoBneHHbiM rpaBMTai^MOHHbiMM cmam\ 

A^AP * HeM3BeCTHbJe QABMrH HaCTOTbl, 

oCycnoBneHHbie ApyrnMM cfeaiaopaMM, 

fo = fn±Af+At. ■ 

rAe 

A^o " M3BeCTHblM nOCTOflHHblfi CABMf MaCTOTbl 

(MacTOTHan noACTaBKa); 

±^f - HecTa6nnbH0CTb nacTOTbi onopHoro 
CMmana. 

C yneTOM M^oweHHoro Bbipa)KeHMe npuMeT 
bma 
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Ap 2 1 

M3 BbJpaJKeHMfl bmaho, MTO MHTerpajibHbifl 
AonnepOBCKM^ cabmt nacTOTbi onpeAenneTCfl 
AByMfl cnaraeMbiMM. HepBoe c/iaraeMoe - 
norpeiUHOCTM i/isMepeHMM, o6ycnoaneHHbie 
ycnoBMflMM pacnpocrpaHeHMn paAMOBOiiH. 
rpaBMTaL^MOHHbiM noneM 3eiwuiM, 

Hecra6MnbHOCTb»o nacrroTbi ManyneHMfl onopHoro 
reHepaTopa m ApyrnMM cf)atcropaMM. Ohm sov^AyT 
b HaBMrauMOHHoe ypaBHeHMe KaK HeMSBecrHbie. 
BTopoe cjiaraewoe flanneTcn npflMbiM 

M3MepeHMeM M3MeHeHMfl HaWIOHHOM AanbHOCTM 
B ATlMHaX BOJ1H OnOpHO« MaCTOTbl 

onpeAejifltoiAerocfl o6^>eKTa. 

OujM6ica cnoxeHMfl CMCTeMbi cnejKeHMn 3a 
HecymeK (CCP), KOTopan orcyTCTByeT b 

paCCMOTpeHHOM HaBMraUMOHHOM ypaBHeHMM, 

raicxe bxoamt b oiuM6Ky M3MepeHM« 
paAMOHaBMraL^MOHHoro napaiweipa (PHI1). 
OTCJiexMBaeMaa <f>yHKU,un BpeiweHM - HecyiAan 
HacTOTbj MMeeT HeHyneBbie npoM3BOAHbie 
BbicoKoro nop^AKa. C/ieAOBaTenbHo, noMMMo 
cnyMa^Hbix oujm6ok (wyMOBbix) peanbHbiK 
cnew\wy\ft KOHTyp c aciaTM3MOM KOHeHHoro 
nopflAKa 6yAeT MMeTb AHHaMM^ecKMe oujmGkm, 
oeycnoaneHHbje Ha/iMMMeM npOM3BOAHbix 
BxoAHoro B03AeC^cTBM« 6o/iee BbicoKoro 
nopsAKa, ^eiw nop«AOK acTaTM3Ma cucTeMbi. 
YMeHbiueHMe cnyMaflHofi oujm6km CMCTeMbi 

4>a30B0^ aBTOnOACTpOMKM HaCTOTbl (0AnM) 

CCH Tpe6yeT npMMeHeHMfl ocmee 

MHepi^MOHHOrO KOHTypa 06paTH0R CBfl3M 

(cyjKeHMe nonocbi nponycKaHnw 4>nnbTpa hm3kom 

MaCTOTbl), HO npM 3TOM B03paCTafOT 

AMHaMMHecKMe oujm6km CCP m Hao6opoT. 

Bbipawaa AanbHOCTM nepe3 KOopAMHaTbi 
npjiMoyronbHo^ reoijeHTpMHecKOM" CMCTeMbi 
KOopAMHaT, HaBMrai^MOHHoe ypaBHeHMe npMweT 

BMA 
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-c<k i -x o > +< yi -y 0 > *c^ A - 0 > 3 . 



rAe 

Xi.yi.Zi, x 2 . y 2 , z 2 - KoopAMHaTbi c})a30Boro 
i;eHTpa aHTeHHbi cnyTHMKa b MOMeHTbi speMeHM 

t 2 M t! COOTBeTCTBeHHO; 

XO. yo. Zq -HeM3BeCTHbie KOOpAMHaTbl 

(})a30Boro i^eHTpa aHTeHHbi onpeAen«ioiAerocfl 
o6*beKTa. 

KaK bmaho, TpM M3MepeHMfl pasHocTei^ 
AaxibHocTeR b neTbipex nocneAOBaTenbHbix 
no/io)KeHMflx cnyTHMKa Ha op6MTe no3BonnioT 
onpeAenMTb KoopAMHaTbi ofoeKTa x 0l yo. Zo. B 
npoi^ecce M3MepeHMrt Heo6xoAMMo ^aTb, noKa 
Aa/ibHOCTb ao HHC3 M3MeHMTc« Ha 

AOCTaTOMHyiO Be/lMMMHy. 

Pa3H0CTH0-Aa/ibH0MepHbiM cnoco6 

npOflBJlfleT CBOM AOCTOMHCTBa Ha T3KMX 

paccTOAHMflx (6asax) Me>KAy nonoKeHMAMM 
HMC3 Ha op6MTe, KorAa ohm coM3MepMMbi c 
paccTOflHMHMM Me>KAy HKA m onpeAenflioiAMMCfl 
o6-beKT0M. 

B COOTBeTCTBMM C M3J10>KeHHblM 

HeAocrraTKaMM M3BecTHoro cnoco6a AB/ifltoTCP 
oluh6km, o6ycnoBneHHbie CCP; 

0UJM6KM 3a CH6T HeCTa6MJlbHOCTM HaCTOTbl 

M3/iyneHMfl HKA m onopHoro reHepaTopa; 

0LUM6KM, o6ycnoBneHHbie ycnoBM«MM 
pacnpocTpaHeHMa paAMOBoriH b MOHOcc})epe, 



o 



Tponoccfeepe m APyrviMM (feaKTopaMM; 

cucrreMaTtmecKMe m cnyMaiiHbie owm6km; 

HH3Kafl TOHHocTb onpeAe/ieHMfl KOOpAMHaT 
MecTonono)KeHMn m cocTaanmoinnx BeKTopa 
ckodoctm o6*beiaoB npM Mcnonb30BaHMM HHC3 
Ha cpeflHeebicoKVix m BbicoKvix op6vrrax. 

MaeecTeH TaioKe AaiibHOMepHbifi cnoco6, 
KOTopuW npuHAT b Ka^ecTBe npoTOTuna. 
npaKTUHecKoCi peajinaai^neft OToro cnocooa 
flB/ifliOTcw CPHC BToporo noKOJieHun - 
poccMflCKan Global Orbiting Navigation 
Satellite System (ITIOHACC) m aiwepuKaHCKan 
Global Positioning System (GPS). 
TeOMeTpHMeCKMM SKBUBaneHTOM KOHeMHoro 
anropMTMa 3Toro cnocooa peweHMH 
HaBurai^noHHOM 3aflann HB/iaeTCfl nocTpoeHne 
OTHociiTeribHO ncnonb3yeMbix HaBuraijuoHHbix 
MCKyccTBeHHWx cnyTHMKOB 3eMJin (HHC3) 
coBOKynHOCTM noBepxHOCTeft nonoweHMH, tohio 
nepeceMeHMq KOTOpbix m HB/meTCfl mckomum 
nonoweHMeM o6"beKTa (BopTOBbie ycTpoficTBa 
cnyTHMKOBO^ paAMOHaBuraqnn. /FIoa pep,. B.C. 
UJe6iuaeBMHa. M.: TpaHcnopT, 1988). 

Ann petueHUfl HaBurai^noHHofi 3a/jaHn 

MMHMMaJlbHO HeOOXOAMMblfi OfrbeM 

4>yHKUMOHa/lbHblX 3aBMCMM0CTe« flOJDKeH 6blTb 

paBeH HHc/iy oi^eHMBaeMbix napawieTDOB. 
OnpeAeneHne KoopAMHaT MecTonojio>KeHHfl 

O&beKTa CBOAMTCfl K peLUeHMK) CUCTeMbl 
ypaBHBHHM 



R^ = R^ C Cx^-x) •Cx^-xJ + ty^-y) ^Cy^y)* 

+ <z -zXz -z>+Ar +Ar ; 
11 t 1 

-1 • • 

5 R = R C<X -X) Kx -x)+<y -y>«<y -y) + 
2 2 2 2 2 2 

+ (z -zXz -z>+Ar *Ar ; 
2 2 t 2 
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R = R C<x -x> • Cm -x> + < y -y> • < y -y) + 

3 3 3 3 3 T X 3 X 

+<z -zXz -z)+Ar +Ar ; 

3 3 t 3 

R = R„ C(X -X)*(X -X)+(y _y>»<y _y> + 

4 4 4 4 4 4 



+ <z -zXz -z>+Ar + Ar 
/5 4 4 T 4 



Ar ^ r - CKODOCTM H3MeHeHHfl 

1 4 

^ AaJibHOCTetf (paAnaribHbie ckodoctm), 
H3MepeHHbie c noMombto CCH; 

cocTaBJiflwmne Beicropa ckopoctm 



25 



x,y,z 

o6"beicra; 



x ,y , z 
1 r l 1 



- cocTaBJiHiomne Beicropa 



ro 

-A 

CO 

O 



2 Z 2 1^2 . 

R = C (x -x> +<y -y> ♦ -r> 1 *Ar *Ar ; 

11 1 1 T 1 

2 2 Z 1V2 A 

R 2 = t<x 2 ~x> +<y 2 -y> ♦ Ca^-z) 1 *AR t *Ar ; 

R g = t <x g -x> Z +<y 3 -y> 2 +<x 3 -z> Z l 1,/2 *AR T +AR 3 ; 

R = Kx -x> 2 *<y -y> 2 *<x -«> 2 3 1X2 *Ar + Ar , 
4 4 4 4 t 4 

rfle 

Ri R4 • pe3y/ibTaTw H3MepeHMfl 

HaKnoHHbix AanbHOCTeW, nonyneHHbie c 
noMoinbio cneAflineB cucTeMw 3a 3aAep>KKofl 

(CC3); 

x, y, z - KoopAMHaTw ooteKTa b 
reoM8T p mm ecKO ft npHMoyro/ibHOfi cucTeMe 
KoopAHHaT; 

x 1( y 1t zi .... X4, y 4 , Z4 - KOopAMHaTbi qeiwpex 
nyTHMKOB, nepeAaBaeMbie b HaBurai^noHHOM 

C006LHeHMM, 

^R T - pa3HMuia Me>KAy hctuhho^ 
AanbHOCTbK) o6"beKTa-cnyTHMKa m n3MepeHHoft, 
o6ycnoBjieHHOi^ cabhtom LJKanbi BpeMeHM 
o6"beKTa OTHOcmenbHO LUKanbi BpewieHM HHC3; 

aRi, ...,aR4 - norpeujHocTM M3MepeHnfl, 
o6ycjiOB7ieHHbie aTMocc})epoW, noHOCCpepo^, 
ApyrviMn 4>aKTopaMM. 

Ann onpeAe/ieHMA KoopAMHaT 
MecTonojio>KeHMfl o6"beKTa Heo6xoAMMo, htoGw 
b none 3peHna o6"beiaa HaxoAwincb 
OAHOBpeiweHHo neTbipe cnyTHwra. B pe3y/ibTaTe 
peujeHnw 3to£^ cucreMbi ypaBHeHuft 
onpeAe/iflK)TCfl neTbipe n3BecTHbie: Tpn 
KoopAHHaTw MecTonono)KeHHfl o6"beiaa (x, y, z) 
m nonpaBKa A R T * ero ujKane BpeMeHu 
(nonpaBKa k nacaM) 

AHanornMHbiM o6pa30M, c ncnonb30BaHMeM 
pe3ynbraT08 nsMepeHM^ c noMou^bK) CCH, 
onpeAeiiflfOTca Tpn cocTaBnflK)L4ne Betoropa 
ckodoctm ^ • ^ m nonpaBKM ^ k MacTOTe 

T 

STa/iOHa MacTOTbi o6"beKTa, ncnorib3yeMoro Ann 
cfcopMnpoBaniuq Luxanbi BpewieHu: 



30 



40 
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ckopoctm MeTbipex CnyTHMKOB; 

£ R - p33HML\a Me>KAy MCTMHHOi^ CKOpOCTbJO 
T 

m M3MepeHH0«, o6ycnoBJieHHan pacxo)KAeHMeM 
35 MacroT 3TanoHOB MacroTbi HMC3 m o6"beKTa; 

Ar Ar " nor P eujHOC ™ ^MepeHMM, 

l" ' ' * 4 

o6ycnoBneHHbie ycnoBM^MM pacnpocTpaHeHMfl 
paAMOBonH m APyrMMM 4>aKTopaMM. 

H3MepeHMe AantHOCTM b annapaType 
oOteKTa ocymecTBrmeTCfl nyTeM M3MepeHMfi 
BpeMeHHoro MHTepBaxia iwejKAy BpeMeHHbiMM 
OTMeTKaMM npMHMMaeMoro ot cnyTHMKa KOAa m 
MecTHoro KOAa 06-beKTa. 

3cJ)Cf)eKTMBHOCTb A^HHoro MeTOfla 

45 onpeAenaeTCfl b ochobhom oryMOBoK 
norpeujHocTbio M3MepeHM« PHFI, nocKo/ibicy 
MMeHHo nryMOBafl norpeiuHocTb orpaHMMMBaeT 

3<t)4)eKT KOMneHCai^MM CM/lbHOKOpperiMpOBaHHblX 

norpewHOCTefl. fln« 0148HKM ujyMOBo^ 
norpeiUHOCTM Mcno/ib3yeTCfl (BopTOBbie 
50 ycTpOMCTBa cnyTHMKOBOM paAMOHaBvirai^MM. /rioA 
peA. B.C. LUe6iuaeBMMa. M.: TpaHcnopT, 1988) 
BbjpaxeHMe 

"k Ab k Ab Ab 

1 cc3 z nn cc3 
+ 



c 2 = A 



c/N 



me 

2. 

euj - Awcnepcwfl tuyMa M3MepeHM«; 

a - A^MTeribHocTb aneiyseHTa 
AaribHOMepHoro KOAa; 

c/No - OTHOiueHMe moi^hoctm cMrHana k 
cneKTpanbHOH* nnoTHOcTM mou^hoctm ujyMa Ha 
BXOAe npMeMHMKa; 

ABcC3 " OAHOCTOpOHHflfl LunpnHa no/iocbi 
CC3; 

A BnM - OAHOCTOpOHHflR LunpnHa no/iocbi 

yflM AMCKpMMMHaTOpa; 



CO 



ro 
en 

O 



K-|, K2 - nocTOAHHbie napawieTpbi, 3aBMCfliune 
ot Bbi6paHHoro TGXHMHecKoro peiueHMfl. 

HaMepeHne AoruiepoBCKoro CABura nacTOTbi 
ocHOBaHo Ha n3MepeHHw npupameHMfl 
AaribHocTii Ha MacTOTe Hecymefi c 
Mcno/ib30BaHneM CCH. 

OueHKa tomhoctm MSMepeHMH npupaiMeHna 
flaribHocTM onpeflerifleTCfl BbipaweHMeM Ann 

AMcnepcwM cfrasbi e <t> cxeMbi cne>K6HH5? sa 
Hecyinefi, mmgkdlumm bma 

H B 

2 CCH 

e = , 

* 2 



<Z1T> c/N 



X - A^MHa Bo/iHbi Hecymefi; 
b cch - LiiMpnHa no/iocbi cxeMbi cne>KeHkifl 3a 
Hecyi^en. 

LUyMOBan norpeiuHocTb MSMepeHMfl 
npMpameHMfl AanbHocTefi Ha nacTOTe Hecymefi 
npaKTMMecKH Ha nop^AOK MeHbiue wyMOBOM" 
norpeujHOCTM M3MepeHMfl Aa/ibHocTefl c 
Mcnonb30BaHMeM AantHOMepHbix koaob. 

flaiibHOMepHbiM cnocx>6 He no3BOjiaeT, 
HanpMMep, M3-3a pa3JiMMMfl b CPHC TJIOHACC 

M GPS COBMeCTHO MX MCnOflb30BaTb. 

TaKHM o6pa30M, HeAocTarKaMM M3BecTHoro 
cnoco6a, npoTOTMna, flarmiOTCfl 

owmokm cneAflmefl cMCTeMbi 3a saAepaaofl 
ot OTHOiueHMfl CMman/wyM; 

oujm6kh c/ieAflinefl cucTeMbi 3a HecymeH ot 
othoujghmh cnrHan/ujyM; 

owm6km, o6yc^oB/ieHHbie ycnosnflMH 
pacnpocTpaHeHMfl paAnoBonH b MOHOcqtepe, 
Tponoafrepe m ApyrnMM cfeaKTopaMM; 

oujuGkm, o6ycnoB/ieHHbie cabmtom oiKa/ibi 
BpeMeHM 06-beiaa oTHOCMTenbHo ujKan BpeMeHM 
HHC3 3a CH6T HecTa6nnbH0CTH nacTOT 
reHepaTopoB cnyTHUKOB m onopHoro reHepaTopa 
o6"beKTa; 

H6B03MO)KHOCTb COBMeCTHOrO 
MCnOJlb30BaHHfl HCTOHHUKOB paAHOM3JiyHeHMM* 

cucTeM paanviMHoro Ha3HaHeHnn. 

firm ycTpaHeHMq MOHoccfDepHOM* 3aAep>KKM b 
n3BecTHbix cnocoSax ncnojib3yeTC« 
annapaTypHan KOMneHcaLjMfl c noMomwo 

AByXMaCTOTHblX H3MepeHHfi H KOMneHCai4Hfl c 

noMou^bio nonpaBOK, paccHMTUBaeMNX no 
anpnopHbiM AaHHbiM. 

H3BecTHbiH 010006 (npoTOTun) 

xapaKTepvisyeTCfl cneAyiomeM" coBOKynHOCTbJO 
AeflcTBMfl HaA npMHMMaeMUMM cnyTHMKOBbiMn 
paAMOHaBviraL^MOHHbiMM cMmanaMn: 

npneM N-KaHaribHbiM npneMHbiM 
ycTpoflCTBOM AByxnacTOTHbix paAMOCMrHanoB N 
HUC3; 

onpeAe/ieHne AaJibHocretf ot o6"beKTa ao 
Ka*Aoro cnyTHMKa nyTeM M3MepeHMfl 

BpeMeHHblX CABHrOB KOAOBblX 

nocneAOBaTe^bHocTeM, 4>opMnpyeMbix 
reHepaTopaMM cnymnKOB OTHOCMTenbHo 
koaobom" nocneAOBaTeribHOCTM, cfcopMMpyeMofl 
reHepaTopoM o6"beiaa; 

M3MepeHne npMpatneHMB AaiibHOCTefl nyTeM 
M3MepeHM« npupaiAeHHM 4>a3 Hecymux; 

onpeAe/ieHue KoopAMHaT MecTono/ioweHMfl 
o&beKTa; 

onpeAejieHne cocraBJifliomux seiaopa 
ckopocth o6"beKTa. 

Uenbio M3o6peTeHHfl flBrmeTca noBbimeHne 
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tomhoctm onpeAeneHHfl KoopAHHaT 
MecTonono)KeHHfl, cocTaB/iflJoiAnx Beicropa 
cKopocTM onpeAe/iflioii^erocfl o6"bejaa no 
HaBkirai^HOHHbiM paAHoevtmanaM KA CPHC n c 
McnojibaoBaHnew paAMOCvirHartOB Ha3eMHbix 

BOSAyiiJHbiX MCTOHHHKOB paAHOMSJiyHeHMM, a 

TaiOKe c ncno/ib30BaHneM paAnon3nyMeHnft KA 
APyrux cm ere m m mx mmmt3topob. 

Menb AOCTuraeTCfl TeM, hto no 
npeAnaraeiwoMy cnoco6y b N-KaHanbHOM 
npnewiHOM ycTpoi^cTBe, oamh M3 KOTOpbix 
RBJiweTCfl BeAyiA^M, a Apyrvje - BeAOMbiMM 
KaHanaMM, npoM3BOA«T onpeAeneHHe pa3HOCTM 
Aa/ibHocTeW Me>KAy AanbHocTAMM, 

M3MepeHHblMMj B6A0Mb!MH npneMHblMM 

yCTDO^CTBaMM, H AailbHOCTbK), MSMepGHHOM 

BeAyiAMM npneMHbiM ycTpoi^CTBOM, a TaiOKe 
onpeAe^eHne pasHOCTeti cKopocTe^ M3MeHeHM« 
AanbHOCTeC^ Me>KAy ckopoctamm M3MeHeHMfl 
AanbHOCTeC^, BbiMMcneHHbiMM no M3MepeHMjiM 

AOnnepOBCKMX CABMrOB MaCTOTbl BeAOMbiMM 
npneMHblMM yCTpO^CTBaMM, M CKOpOCTbK) 

M3MeHeHM« Aa/ibHOCTM, BbNMcneHHoi^ no 
M3MepeHMK) AoruiepoBCKoro CABMra nacTOTbi 
BeAyiAMM npueMHbiM ycTpoC^cTBOM, 3aTeM 
npoM3BOAflT onpeAeneHMe aboHhwx pa3HOCTei^ 
AanbHocTeC^ n abo^hwx pa3H0CTevi cKopocTe^ 
M3MeHeHHfl AanbHOCTe^ nyTeM saawMHoro 
BbiHMTaHMfl Apyr M3 APya pa3H0CTetf 
AanbHocTefi m pa3H0CTe^ CKopocTef^ M3MeHeHMfl 
AanbHocTef^. 

flononHMTenbHbiMM otjimmmamm 
npeAnaraeMoro cnocooa flBnflWTcn cnepy \ou\vie. 

BeAyLAUM m npueMHbiM ycTpo^cTBaMM 
onpeAeneHMe pasHOCTe^ AaJibHocTefi 
npon3BOA«T Me^KAy oO-beiaoM n AByMa 
nojio)KeHHflMM cnyTHUKOB, onpeAenneMbiMM 
MepHbiM MHTepBanoM nyTeM M3MepeHMn 
npupau^eHMM cpas HecymMX c Mcnonb30BaHMeM 
cf>a30Bbix aBTonoACTpoeK nacTOT cucTeM 
cneKeHMfl 3a HecyiAMMn HaBurai^noHHbix 
paAHOCumarioB cnyTHMKOB. 

OnpeAeneHMe abo^hwx pa3H0CTefl 
AaxibHocTefl npoMSBOA^T Me>KAy o6-beiaoM m 

AByMfl n0JlO>KeHMflMM CnyTHMKOB, 

onpeAe/weMbiMM MepHbiM MHTepBanoM, nyTeM 
M3MepeHMn pasHOCTeti m3ctot flonnepa, 

npMHflTbiX npMeMHblMM yCTpOMCTB3MM C 
MCnOJ1b30BdHMeM KBaApaTypHblX Cf)a30BWX 
AeTeKTODOB, yMHOTKMB MX CpeAHMe SHaMeHMfl Ha 

MepHbiM MHTepBan. 

npMeMHoe ycTpo^cTBo BeAymero KaHana 
npMHMMaeT CMmajibi MMMTaTopa cnyTHMKOBbix 
CMma/ioB. 

BbiAeneHMe CMixanoB c nacTOTaMM flonnepa 
npOM3BOA«T nyTeM B03BeABHM^ npMHMMaeMbix 
CMmanoB b KBaApaT c nocneAywiAMM B03BpaTOM 

MaCTOT Ha MCKOMbie C MCnOTlb30BaHMeM 

Ae/iMTeneM HacrroT. 

TeoMeTpMHecKafl MHTepnpeTauM^ 
npeAnaraeMoro cnocooa no«CHfleTcn Ha 
npMMepe cosBesAnn neTbipex KA TilOHACC m 
OAHoro KA GPS, cf)Mr. 1 . 

npMHMMaeMblfi npMeMHblM yCTDO^CTBOM 

HaBMrat^noHHbiM paAMOcuma/i KA GPS RBJiJieTCfl 
BeAyiM^M cMmaxiOM, a KaHan npMeMa npMeMHblM 
ycTpotfcTBOM CMmanoB KA mOHACC - 

BeAOMblM. COOTBeTCTBeHHO HaBMraUMOHHbie 

CMmaxibi KA ITIOHACC, npMeMHoe ycTpo^cTBo 

KA flB/lfllOTCfl BeAOMbiMM. 

B COOT B eTCTB M M C BbllUeH3J10)KeHHblM 
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AAr = Ar -Ar = <» - 
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<i> 



pa3HOCTb M3MepeHHWX 



Ar .Ar 
1 z 

Aa^bHocreM Me>KAy Ka>KAbiM Be^oMbiM KA 
T/IOHACC - no/ib30BaTenb m MeacAy seAymMM 
KA GPS - nonb30BaTe/ib c Mcno/ib30BaHMeM 
fla/ibHOMepHbix koaob; 

AAr" j AAr :AAi? ' flBOi,Hbie 

2,1 3,1 4,1 

pa3HocTM AaJibHOcrew. 

TeoMeTpuMecKaji MHTepnpeTaL^Mfl 
onpeAeneHMH KoopAMHaT m cocTaBJifliomMx 
Beiaopa ckopoctm no pasHocTAM npupau^eHMii 

Aa/lbHOCTefl kl ABO^HblX pa3HOCTflM 

npnpameHH«, M3NiepeHHbix c wcnojib30BaHweM 
npupau^eHM^ <paz HecymMx, noacHfleTCfl Ha 
npMMepe AByx KA: BeAymero KA m oAHoro 
Be ao mo ro KA TJIOHACC, (fur. 2. 

Tohiomm ti, t*. t2 o6o3HaMeHbi nonoxeHMfl 
HHC3 Ha opdMTe, flamiiOLUMecfl rpaHMi^aMn 
OTcneTOB HaBnrai4MOHHoro napaMeTpa (MepHbifi 
MHTepBan). 

Pa3HOCTM npupaLAeHMfi AaibHocTefl 
3anniuyTCfl cneAyfou^MM o6pa30M 

COOTBeTCTBeHHO! 

AA V l3 l <t 2 > - i? X tt 1 >1 - tit CPS <t 8 > - il OPS <i X >1S 
flBO^Hbie pa3HOCTH 

AajibHocref, npwuyT bma 



npupai^eHnPi 



AAA? = AAr -AAr = ir <i >-r <t >i- 

2,1 2 1 2221 

-[R <l )-R <t)]; 
12 11 

AAAr = AAr -AAr = [r <t >-r <v >j- 

3,1 3 1 3 2 3 1 

-r- 

-tR < t >-R <t )1 ; 
12 11 

AAAr* = AAr -AAr = cr <t >-r (t >3- 

4,1 4 1 42 41 

-4 

-C R <t >-R <t > J . <2> 
12 11 

Pa3HocTn AanbHOCTefl b KBaApaTHbix 
cKo6Kax cucTeMbi ypaBHeHMM (1) npoHBJiaioT 

CBOM AOCTOMHCTBa, K3K 3TO 6bmo noKa3aHo 

Bbiiue Ha TaxMx paccTOflHMflx (6a3ax) MewAy 
nonojKeHMflMn HHC3 Ha op6nTe, KorAa ohm 
con3MepnMbi c paccTOAHneM Me>KAy HKA h 
onpeAenfltoinnMCfl o6"beKTOM. B HaiueM 
npwuepe 6a3bi HeaHaMHTeribHbJ. fln* 
BbinonHeHMA aToro ycnoBMP cucTeMy ypasHeHMfl 
(2) npeo6pa3ytOT b TO)KABCTBe h Hy K) cucieMy 



ypaBHeHMtf, y KOTopofi AaHHoe yc/iOBue 
BbinojiHfleTca: 



AAAr z i= tR 2 < i 2 > " R i <t z >3 " tR z a i >_R i (i i )1; 



5 AAAr 



3.i= CR > 2 > -vv 5 - r vv-vv i; 

4,1 4 2 •vV 1 - l<i 4 <t l > -V l l"' 



AAAR* s er <t >-r <t 



C3> 

TaKUM 06pa30M, M3 CMCTeMbl pa3HOCTe« 

10 Aa^bHOCTeR An« op6MT HKA c tokasct Be h h bi m m 
napaMeTpaMM op6nT Ann co3Be3AM« H3 5 HKA 
oauh GPS - BeAyu^MM, neTbipe mOHACC - 
BeAOMbie. 

OKOHHaTe/ibHbie cucTeMbi ypaBHeHnvi Afifl 
Abomhwx pa3H0CTeM flanbHocTeM (1) m Ann 
15 abo«hwx pa3HocTe« npnpaiMeHMPi AanbHOCTeP, 
(3), BbipaweHHbie nepe3 KoopAMHaTbi b 
reoMeTpunecKOM np«MoyronbHo« cvicTeMe 

KOOpflMHaT, npMMyT bma 

AJlfl ABOMHblX pa3HOCTeM Aa^bHOCTeM 

20 AAR = i -3 = C<x -K>**<y -yJ 2 *C B 
2,12X z z 2 

♦Ar *Ar -C <h -n> Z *c y -y> Z *<z-z> z i 1/2 -AR -Ar, ; 

T 2 1 1 1 T 1 

25 *Ar *Ar -c<m -»> 2 +cy -y> z *cz -z> z i 1 '' 2 -Ar -Ar ; 

T 3 1 1 1 T 1 

AAR = R -3 = C<x -x) Z «(y -y) 2 +(l -r) 2 ] 1 ^* 
4,1 4 14 4 4 

♦AR T *AR 4 -C<H 1 -x> Z *<y A -y> Z *<B! 1 -z> Z J 1/2 -AR T -AR^; 

<4> 

Anw ABO^Hbix pa3H0CTeft npMpai^eHM^ 
AaribHocTei^ 

AAA« 2 i= C(x^-«) Z t (^'-y) Z *(z^z> 2 ] 1/2 + 

+Ar +Ar?'-c CM7-«> 2 +<y"-y> Z +<z"-z> Z i 1,/2 -AR -Ar"- 
t z i l i T l 

-C C*'-K> 2 »<y'-y> 2 *<i;'-x> 2 J 1/2 -AR -Ar' + 
Z Z 2 T 2 

♦C<H'-K> Z *<y'-y> Z *<z'-z> Z J 1 '' Z + AR -Ar' ; 

111 T 1 
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AAAR^ i= C<»C 3 '-x> 2 *(y 3 *-y> 2 *Ci: 3 '-T> 2 J 1/2 * 
♦AR»AR 3 '-C<Kj'-M> 2 *Cy^-y> Z + < Z ^-M> Z l 1 '' Z -AR T -AR^ 
-CCK 3 -x> 2 »<y 3 -y> 2 *<Z 3 -x A > 2 l 1/2 -AR T -AR 3 *- 
+C<x'-H> 2 *<y'-y> 2 *<z'-z> 2 l 1/2 + AR -Ar' ; 

111 T 1 



2 1/Z 
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AAAR C<x'--x> Z + <y''-y> 2 + C: B -'-z> 2 J 
4,1 4 4 4 

+AR ♦AR''-C<x''-x) 2 +<y>y> 2 + < Z "-z> Z 3 1/2 - 
T 4 1 1 1 

-AR -AR7-C<x'-x> 2 *<y'-y) 2 + < 2 '-z> 2 l 1/Z - 
T 1 4 1 1 

55 -AR T -AR;*C<x;-x) 2 *<y^y> 2 + <z;-z> 2 l 1/2 + 

♦Ar +Ar' <5> 

T 1 
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KOOpflUHaTbl 



o 

CO 



BeAOMbix HMC3, nepeAaBaeMbie b 
HaBMrai^MOHHbix coo6iAeHMHx b MoiweHTbi 



ro 
-a 

CO 

O 



BPGM6HM t 1t \ 2 COOTBeTCTBeHHO. 

AHanorMHHo c ncnonb30BaHneM peaynbTaTOB 
M3MepeHkiB c noMoi^bio CCH onpeAenniOTCfl 
cocTaBJiHK>inne Betcropa ckodoctm: 



Zj X Z 1 1 Z 2 Z Z 

X<y£-y>*<a~-a>»<a~-»WAS T +AS~J-t <x~-x>X 

X< x^-x> ♦< y^-y > • < y*'-y > ♦ < «~-x > • < x^'-z > -Ar^-Ar^'J > 

-A» 2 *"^tt A > ♦< kk^-*> •Cx^-xi*<y^-y> 'ty^-y** 

♦<z'-z> •<a'-z>tiR +Ak']-E<x'-k> •<x'-x>+ 
1 2 t 2 1 1 

♦<y^-y> »Cy2-y>*<a^-a>*<*2-* > - AR T - A *i ,> ; 



X<yg-y>+<z^-«>»<*^-z>+AR T *ARp-C <x~-x>X 

X<K~-x>*<y"-y> •<y"-y)+<a"-a> «<a~-*>-A» -AR~1> 
1 1 1 1 1 T 1 

-Ar" 1 ^*.^ •<! Cx^-x) »<x^-x>*<y* -y> ♦<y^-y>» 

♦ <z*-a> Kz'-«)*Ak + Ar' J -I <x'-x>*<x'-x>* 
3 3 t 3 1 1 



AAAi a r" 1 (t )MI(x"-x)»<x"-x)*(y*-y)X 
4* 1 A t 1 2 4 4 4 

X< y"-y >*Cz"-z> «Cz"-z>*Ar ♦Ar"!-! <x"-x>X 
'4 * 4 4 T 3 1 

X<x^-x> + <y^'-y> •<y^'-y)*<a^-x> • Ca^'-aJ-AR^-ARpy - 

-AR^d^) t<[( x ^_ x ) »<X 4 -x)*Cy 4 -y) »<y^-y>* 

♦ <a'-z> •<z'-x>*Ar *Ar' 3-t <x'-x> •<*' -x>* 
4 4 t 4 1 1 

♦<y^-y> •<y^-y>+<z^-a) •< a^-al-AR^-AlT 1 > 



(6) 



rfle 



4 4 4 4 4 4 



Beicropa CKopocm HUC3, nepeflaBaeMbie b 

HaBMrat^MOHHblX C006Ll^eHMPX B MOMeHTbl 
BpeMeHU ti, t2 COOTBeTCTBeHHO. 

AHaiiM3Mpyji CHCTeMbi HaBurai^MOHHbix 
ypaBHeHMM abomhux pa3HocreM AaJibHOcreii (4), 
ABOflHbix pa3HOCTe« npupau^eHMft AaJibHocrefi 
(5) u cKopocTefi (6) c McnonbsoBaHweM 
BeAyiMero, BeAOMbix paAHOCurHanoB HMC3 m 
cooTBeTCTByioiMMx npneMHbix yCTDOttCTB, 
KaHanoB, bmamm, mto b ypaBHeHMax 
KOMneHcnpyK)Tc« KOopAHHaTbi BeAyiMero HMC3 
GPS, KOMneHcupyiOTCfl TaiOKe norpeiUHOCTM, 
o6ycnoB/ieHHbie pacxowAeHMeM wKa/i BpeMeHM 
m nacTOT GPS, TJIOHACC OTHOCMTe/ibHO wKa/ibi 
epewieHu, HacroTbi o6-bexTa. 

Ecjim b HaBkirai^MOHHbix ypaBHeHHwx 
H3BecTHoro cnoco6a npucyTCTByjoT 
norpeiUHOCTM, o6ycnoBneHHbie MOHOcqbepofl, 
TponoccJ)epoM, to b ypaBHeHMHX npeAnaraeMoro 
cnoco6a c ncnonb30BaHneM ABOMHbix pa3HOcreii 
Aa/ibHOcreii npMcyTCTByioT mx pasHOCTM. 

Ann ooecneneHUfl BbicoKOfl tomhoctm 
penieHMH HaBnrai4noHHOM 3aAaHM, 
ooycnoBneHHofi reoMeTpumecKUM (fcaicropoM 
onpeAeneHUfl nonoxceHwa b npocTpaHCTBe, 
nono)KeHMe KA b npocTpaHCTBe Bbi6npaeTcn 

TaKMM, npM KOTOpOM OAMH KA HaXOAMTCR B 

3eHMTe (ooecnennBafl BbicoKyio tomhoctm 
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onpeAeneHHfl nonomeHwn no BepTHKann), a 
ocTanbHbie KA - b ropn30HTaribHO« nnocKOCTM b 
HanpaBneHMflx, OTnvmaioiAMXCfl APyr ot APyra Ha 
120 - 180° (ooecneMMBaa BbicoKyio TOMHOCTb 
onpeAeneHun nonoweHMH no ropusoHTann) s 
3a b mcm moctm ot KO/WHecTBa Mcnorib3yeMbix KA. 

TaKMM o6pa30M, npeAnaraeMbifl cnoco6, 
HecMOTpfl, HanpMMep, Ha cepbe3Hbie pa3nnHvifl b 
I710HACC M GPS, B cnoco6ax 3aA3HMfl 
30eMepMA, b KOMnoHOBKe cynepxaflpoB m 
CTpyicryp KaApoB cny>Ke6HO« MHcfropMai^MM, b 
HeMAeHTMHHOCTM ncnonb3yeMbix cucTeM OTcneTa 
npocrpaHCTBeHHbix KoopAMHaT m pasnMMUM tuKan 
BpewieHM, c|K)pMMpyeMbie ot pa3JiMHHbix 

3Ta/IOHOB HaCTOTbJ M BpeMeHM, n03BOfIfleT 

coBMecTHoe mx Mcnonb30BaHMe, He npoaoA« mx 
b TpeoyeMoe cooTBeTCTBMe, T.e. 6e3 bchkmx 
opraHM3aL^MOHHwx MaTepManbHbix AopaOoTOK m 
Aopa6oTOK MaTeMaTMMecKoro ooecneneHMfl 

CMCTeM. 

npMHMMafl paAMOHaBMrai^MOHHbie cMmanbi 
KA mOHACC m GPS napanneribHo mtim 
nocneAOBaTenbHo, Mcnonb3yn wiyribTMnneKCHoe 
npMeMHoe ycTpoi^cTBo mjim MHoroKaHanbHoe, a 
TaiOKe 6epn b oaho^ oepMM M3MepeHMv^ b 
Ka^iecTBe BeAyn^MX KA GPS, a b KanecTBe 
BeAOMoro KA fJlOHACC m Hao6opoT b Apyo^ 
cepMM, mo>kho onpeAennTb KOOpAMHaTbl M 
oocTaBJifltoLAMe Beiaopa ckopoctm o6t»eKTa KaK b 

KOOpAMHaTHO-BpeMeHHO^ CMCTeMe GPS, TaK M B 

KOopAHHaTHo-BpeMeHHoW CMCTeMe mOHACC, 

H9 npMBOAfl MX B COOTBeTCTBMe. 

CoBMecTHoe Mcnonb30BaHMe cmctcm 
o6ecneMMT onpeAeneHHyio yHMBepca/ibHocTb 
HaBMraL\MOHHbix onpeAeneHM^, HaAewHocrb m 
AOCTOBepHyio oocepBaL^Mio sa c^eT cpaBHeHMa 
pe3ynbTaTOB onpeAeneHMft no pasHbiM 
CMCTeMaM An« BbmaneHMfl cnynaeB HapyweHMfl 

4>yHK14M0HMp0BaHMfl OAHOM M3 CMCTeM. 

FIoa HaAe>KHOCTbK) HaBMrauMOHHoro 
o6ecneneHMfl noHMMaeTCfl cnoco6H0CTb 

HaBMrai^MOHHO^ CMCTeMbl B JHO60R MOMeHT 

BpeMeHM o6ecneMMTb oG-beia MHC^opMai^MeM pj\n 
onpeAeneHMfl MecTonono>KeHMfl c TOHHocTbio, 
rapaHTMpoBaHHOM a^« pa6oneM 30Hbi. 

noA AocTOBepHocTbio noHMMaeTCfl 

Cn0006HOCTb HaBMraqMOHHOM CMCTeMbt 

BblflBnflTb OTKTIOHeHMfl B CBOeM 

c}>yHKUMOHMpOBaHMM, npMBOA^iuMe k yxyALueHMio 
tomhoctm onpeAeneHMw KOopAMHaT m 
cocTaanflioiAMX Beicropa ckopoctm o6"beKra 3a 
npeAenbi 3aAaHHbix AonycTMMbix 3HaMeHMM. 

Ecjim CMCTeMa HaBMrai^MOHHbix ypaBHeHMM 
ABOflHbix pa3HOCTeW npeAnaraeMoro cnoco6a c 
Mcnonb30BaHMeM M3MepeHM^ c noMoiAbio 
AanbHOMepHbix koaob (1) flBJifleTCfl no cyTM 
CMcreMOM ypaBHeHMM pa3HocreM AaTibHocreM, to 
CMCTeMa HaBMrauMOHHbix ypaBHeHMM ABO^Hbix 
pasHOCTeM npMpaiAeHMM AaribHocTeM, 
MSMepeHHbix c noMOiAbio npupameHMM cpas 
HecyiAMX Ha MepHOM MHTepBane (2), nonneTCfi 

CMCTeMO^ ypaBHeHMM ABOfiHblX pa3HOCTe^ 

AaribHOCTev^ m TaiOKe no3BormeT peujMTb 
HaBMraMMOHHyK) 3aAaMy - onpeAeriMTb 

KOOpAMHaTbl MeCTOnOJlOKeHMfl M COCTaB/lfllOlAMe 

Beiaopa ckopoctm o6-beKTa. nocKonbKy, KaK sto 
6bino noKasaHO Bbime, TOMHOCTb M3MepeHMM 
ABOMHbix pa3HocTeM npMpau^eHMM <pas Ha 
HecyiAMx MacTOTax Ha nopflAOK Bbiwe tomhoctm 
M3MepeHM^ paaHocTeM BpeMeHHbix cabhtob 
KOAOBbix nocneAOBaTejibHOCTeW, to m TOMHOCTb 
peujeHM^ HaBMrai^MOHHoPi saAaMM c 
Mcno/ib30BaHMeM npMpaiAeHMM qbaa Ta \qkq Bbiwe 

TOMHOCTM peiLieHMfl C MCnOJlb30BaHMeM 

pa3Hocreii AanbHOCTeii. 
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B i^enflx AanbHeMiuero noBbiiueHMH tohhoctm 
peiueHMfl HaBnraunoHHo» 3aflaMM c 
ncnojib30BaHneM npMpameHMtf (fca3 Ha Hecymux 
MacTOTax 3a cneT MCKnioHeHMfi H3 n3MepeHnfl 
norpetUHocTM, ooycnoaneHHofi CCH, ABOMHbie 
pa3HocTM npMpameHMfl flanbHocTeft 
npoM3BOAflTCfl nyTeM BbifleneHn« M3 npuHATbix 

CUma^OB C MaCTOTaMM, paBHbiMM Da3HOCTflM 

nacTOT flonnepa, c ncno/ib30BaHneM 
KBaApaiypHbix #a30Bb»x aeTeicropOB, Ha nepBbie 
Bbixoflbi KOTopbix nocrynaioT cMman seflymero, 
a Ha BTopwe bxoaw - cumajibi bcaomux 

npMeMHblX yCTpOMCTB, 3aTeM npOM3BOAATCfl 

onpefleneHMe pa3HocTefl npMpameHMfl 0a3 
nyTeiw yMHOKeHMfl cpe^HMx 3HaMeHi4M pa3Hocreii 
nacTOT flonnepa na MepHbifl MHTepBan m 
onpeAeneHMfl aboKhwx pa3HOCTeH npupai^eHnW 
<fca3 nyTeM mx B3anMHoro BbNMTaHMfl. 

H3Jio)KeHHoe cooTBeTCTByeT annapaTypHofl 
peann3amin, 6noK-cxeMa KOTopofl npMBeAeHa 
Ha cfiur. 3. BbiAeneHne cvimanoB c nacTOTaMn 
flonnepa npn npneMe cfcasoMOAy/iwpoBaHHbix 
cumanoB c noAaaneHHbiMM HecymMMM 
npon3BOAMTCfl nyTeM B03BeAeHMH mx b KBaApaT 
m cfunbTpai^MM c nocneAyfOLi^MM bos b pa to m 
nacTOT Ha MCKOMbie c ncnorib30BaHneM 
AeriMTeneM MacTOT. 

Cuma/ib! C BbJXOAOB yCTDOflCTB CBepTKM, 
KOTopwe nocTynaiOT Ha CMCTeMbi (DAflM CCH 
npneMHbix ycrpoficTB cj)nr. 3, b pexMMe 
cnHxpoHM3Ma no 3aAep>KKaM AaribHOMepHbix 

KOAOB flBJlflK)TCfl 3HaMMTenbHO ysKononocHbiMM 

curHanaMM - BOCCTaHoaneHHbie Hecymne, 
npoMOAy/iMpoBaHHbie un<}>poBOM MH4>opMaL4new. 
flnana30Hbi M3MeHeHMfl 3HaMeHMfl HecymMx 
onpeAenfltOTCfl b ochobhom flonnepOBCKUM 
CMemeHneM (* ± 50 Ha nacTOTax KA GPS, 
(710HACC), a oinpMHa cneiapa cMmana - 

CneKTpOM 4H4>pOBOM MHCjDOpMaUUM (* 100 V{\). 

Cuma/ibi OAriH MoryT OTcne)KMBaTb 
CHmanbi, cooTBeTCTByKDu^ne TonbKO oahom" M3 
AByx CoKOBbix nonoc, n, cneAOBaTenbHo, 
oSnaAaioT 3HepreTnnecKHMH noTepaMM, 
paBHbiMM 3 aB nosTOMy noAKniOMeHMe 
ycTpo^CTB BbiAe/ieHn« M3 npnH«Tbix 
HaBuraunoHHbix CMmanoB, paBHbix pa3HOCTAM 
MacTOT flonnepa npeAnaraeMoro cnocooa cf)nr. 
3, MCKAKwaiomMx BTopwe 6oKOBbie nonocu, He 
bhocmt Aono/iHMTejibHbje SHepreTunecKne 
noTepn. 

npMHflTbie h npeo6pa30BaHHbie 
cnyTHMKOBbie HaBMraijMOHHbie paAMOCMmanbi, 
nocTynatou^Me Ha KBaApaTypHbie cfeasoBbie 
AeTeicropbi, HecyT ywe b ce6e cabm™ nacTOT, 
o6yc/iOBneHHbie HecTa6nnbHOCTflMn 
reHepaTopoB KA, o6"beKTa, o6ycnoB/ieHHbie 
ycnoBMHMH pacnpocTpaHeHnyi paAnoBO/iH 
(MOHoccjDepa, Tponoccfcepa), cflBurn, 
o6yc/ioBneHHbie npMeMHbiMM TpaiaaMM m 
APyrnMM cJjaiaopaMn. ("loaTOMy b npoijecce 
BbiAeneHM^ Kone6aHMR c MacTOTaMM, paBHbiMM 
pa3HOCT«M nacTOT flonnepa npeAnaraeMoro 
cnoco6a, nepeMncneHHbie nacTOTHbte 
OTKnoHeHMfl MacTMMHo KOMneHcupyjoT APyr 
Apyra. H ywe npvi TpoC^Hbix pa3H0CTwx BioiaA mx 
b TOHHocTb HaBurai^MOHHbix onpeAeneHMM 6yAeT 

He3HaHMTeribHblM. 

ripn ncnonb30BaHnn Ann peweHHPt 
HaBMraunoHHoti 3aAaMM npupameHUfl 4ia3 

BflMflHMfl npupaii^eHM^ 4>a3 Ha TOMHOCTb 3a CM6T 

MOHocc^epbi, Tponoc4>epbi Ann KpaflHwx ToneK 
MepHoro MHTepBana oTnunaioTCfl Mano n npn 
06pa30BaHMM BTOpblX pa3HOCTetf npaKTHMecKM 
yCTDaHfllOTCfl. OC06b!M OT/lMMMTejIbHblM 

npusHaKOM npeAnaraeMoro cnocx»6a ABJiHeTCfl 
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TO, MTO npkl M3MepeHMflX pa3HOCTePl 

npupameHkifl 4)a3 c ncnonb30BaHneM 
KoneGaHUM, paBHbix pa3HOCTAM nacTOT 
flonnepa, b icanecTBe BeAyu^ero cumana mo>kho 
ncnonb30BaTb cm man nioSoro ncTOMHMKa 
M3nyMeHMfl: Ha3eMHoro, B03AyiUHoro 
6a3npoBaHH5i mjim M3nyMeHHfl KA Apymx cucTeM. 
B stom cxiyMae ocHOBHoe TpeGoBaHne k 
npneMHOMy ycTpo^CTBy onpeAenflioinerocfl 
o6-beiaa 3to B03MO)KHOCTb npuHATb cuman n 
npeo6pa30BaTb ero TaKUM oo"pa30M, mto6w oh 
o6ecneHnn paboTy 6noKa KBaApaTypHbix 

C()a30BblX AeTeKTOpOB. flpMHeM KOODAHHaTb! 

mctomhukob MsnyMeHnw, nx speMeHHbie 

CHCTeMbl, HeCTaSHTlbHOCTM MaCTOT H 

npupau^eHMfl MacTOT 3a cMeT pacnpocTpaHeHMfl 
paAHOBO/iH 3HaTb He TpeGyeTCfl. Ohm 
KOMneHCMpyioTcyi b npoL^ecce HaBMrat^MOHHbix 

M3MepeHMM. 

CaMUM OnTMMSUIbHblM BapnaHTOB 

annapaTypHOM peanM3ai^MM npeAnaraeMoro 
cnocooa ABJifleTCfl BapnaHT, KorAa b KanecTBe 
BeAyiMero CMmana npMeMHoro ycTpoC^cTBa 
ob'beKTa Mcnonb3yioTc« CMrHanw Hecyu^Mx, 
npoMOAynMposaHHbie AanbHOMepHWMM KOAaMM 

MMMT3TODOB. HMMT3T0pbl n03BOf!51K)T 
OnTMMM3MpOBaTb CKOpOCTb M3MeHeHMfl H3CT0T 

KOHKpeTHO Ana KaacAoro Tuna HaBMraqMOHHbix 
CMCTeM m TeM caMbiM o6ecneHMTb mx 
onTMManbHyio paOoTy c tohkm 3peHMfl 
nonyneHMfl noTeHi^ManbHo bo3mo>kho^ tomhoctm 
onpeAeneHMfl koopamhst MecTononojKeHMn m 
cocraB/iflioiAMe Beicropa ckopocth o6"beiaa. 

OTfiMHMTenbHbie npMSHaKM npeAno>KeHHoro 
cnocooa: 

npMeM N-KananbHbiM npMeMHbiM 
ycTpoWcTBOM HaBMrai^MOHHbix paAMOCMmanoB N 

CnyTHMKOB, OAM H M3 KaHanoB KOToporo qBTIReTCq 

BeAyu^MM, a ApyrMe - BeAOMbiMM; 

onpeAeneHMe pa3H0CTefl npMpai^eHM^ 
AanbHOCTeK m pa3HOCTe« AanbHocTefl nyTeM 
BbiHMTaHMfl M3 M3MepeHHbix npMpau^eHM^ c})a3 

Hecyi^MX M BpeMeHHblX CABMrOB KOAOBblX 

nocneAOBaTenbHocTeW BeAOMbiMM npMeMHbiMM 
ycrpoMCTBaMM npMpau^eHMfl $azh\ Hecyu^MX m 
BpeMeHHoro cABMra koaobom 

nocneAOBaTenbHOCTM, M3MepeHHwx BeAyu^MM 

npHeMHblM yCTpOMCTBOM; 

onpeAeneHMe ABOf^Hbix pa3HOCTefi 
AaxibHOCTeW npMpameHMfi AanbHOCTeft m 

AaJlbHOCTeM nyTeM B33MMH0r0 BbNMTaHMfl 

pa3H0CTeR abo^hwx pa3HOCTe^ npupaineHMM 
c{)a3 necyu^Mx m pa3H0CTeW BpeMeHHbix cABMroB 
KOAOBbix nocneAOBaTenbHocTefi b 

nocneAOBaTenbHOCTM, onpeAenweMOt^ 
reoMeTpMMecKMM cfcaicropoM onpeAeneHMe 
nonoKeHMfl b npocTpaHCTBe; 

Mcnojib30BaHMe pa3HOCTeK abo^hnx 
pasHOCTeR npMpaiAeHMfi $a3 necymMx pj]n 
onpeAeneHMe KOopAMHaT m cocTaB/iflioLi^Mx 
Beiaopa ckopoctm o6-beKTa; 

M3MepeHMe abo^hwx pa3H0CTeti 
npMpau^eHMM AanbHOCTeM nyTeM BbiAeneHM« 

CMmanOB C MaCTOTaMM, paBHbiMM pa3HOCTflM 

MacTOT flonnepa, npMH^Tbix BeflymuM m Ka>KAbiM 
BeAOMbiM KaHanaMM npMeMHoro ycTpoMCTBa c 
Mcnonb30BaHMeM KBaApaTypHbix cf)a30Bbix 
AeTeiaopOB, na nepBbie axoAbi KOTopbix 
nocTynaKJT CMixanbi BeAyiMero KaHana, a Ha 
BTopwe BxoAbi - CMmanbi BeAOMbix, m 
yMHoxeHMeM mx cpeAHMx 3HaMeHM« Ha MepHbiK 
MHTepBan; 

npMeM BeAyu^MM KaHanoM npMeMHoro 
ycTpoMCTBa paAMOCMmanoB HaseMHbix, 

B03AyUJHblX MCTOHHMKOB paAMOM3nyMeHMM M 
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paAHonanyMeHUfl KocMMHecxMx annapaTOB 
ApyrMX cucTeM; 

ucnonb30BaHue BeAym^MM KaHanaMn 
npneMHoro ycrpoficTBa b KanecrBe cumana 

MMMTSTOpOB; 

Bbifle/ieHMe CMmanoB c MacTOTaiwn flonnepa 
npM npkieiwe 4>a30MOAejinpoBaHHbix CMmanoB c 
noAaa/ieHHbiMn HecymuMu nyTeM B03BeAeHnn 
m b KBaApaT m (fcunbTpatjMM c nocneflyioi^MM 

B03BpaTOM HaCTOT Ha HCKOMWe c 

ucnonb30BaHneM AenMTenefi nacroT. 

TaKUM o6pa30M, npeAnoweHHufi cnocoC 
onpefle/ieHUP KOOpAHHar MecTononoxeHMfl m 
cocTas^«K)i4nx Betcropa ckodoctm o6*b6KTOB no 
paAMOCMmanaM KA CPHC o6naAaeT HOBH3Hofi, 
cymecTBeHHUMM m AaeT npn 

ncnojib30BaHnn nonowMTenbHufl actxfleKT, 
3axnK)Maioi4M^Cfl b noBbiweHMM tohhoctm, 

H£IAe)KHOCTH M AOCTOBepHOCTM HaBHrai^HOHHblX 

onpeAeneHnW cnyTHUKOBbix m Ha3eMHbix 
paAMOHaBurauMOHHbix cucreM. 

OopMyna M3o6peTeHMfl: 

1. fla/ibHOMepHbifl cnoco6 onpeAeneHMH 
MecTonono>KeHMfl u cocTaanflioiAMX Beiaopa 
ckodoctm o6"beKTOB no paAnocMmauaM 
K0CMHH6CKHX annapaTOB cnyTHUKOBbix 
paAMOHaBuraunoHHbix CMCTeM, b kotodom 
N-IOHanbHblM npneMHbJM ycTpoftCTBOM, 
ycTaHOBneHHbiM Ha 06-beKT©, npMHMMaiOT 
HaBnraL\noHHbie paAMOCMmanbi cnyTHMKOB, 
onpefle/uiioT AaibHOc™ ot o6-beKTOB ao 
Kaworo cnyTHwo nyTeM M3MepeHnn 
BpeMeHHbix cabhtob koaobwx 

nocneAOBaTenbHocreM, c£opMnpyeMbix 
reHepaTopaMM cnyTHMKOB OTHOcmenbHo 
koaoboA noc/ieAOBaTeribHOCTM, $opMMpyeMofl 
reHepaTopaMn 06-beKTa, a Taiwe cocraB/iwioiAMe 
Beicropa ckopoctm nyTeM M3MepeHM« 
npuHMMaeMbix Aon/iepoBcxnx cabhtob MacTOTbi 
c ncnonb30BaHneM CMCTeM cneweHMH 3a 
HecyiAMMM, oTiiMHaioiAn^cfl TeM, hto b 
N-xaHsmbHOM npneMHOM ycTpoflcTse, oamh H3 
KOTopwx JiBnfleTCfl Bepyu\)/\M, a Apyrvie 
BeAOMbtMM xaHa/iaMn, npon3BOA«T 
onpeAeneHMe pa3H0CTM AanbHOCTefl Mex<Ay 
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AaJlbHOCTHMH, H3MepeHHblMM BeflOMblMM 
npneMHblMM yCTDO^CTBaMkl, M AailbHOCTbK), 
M3MepeHHO^ BeAyLMMM npHeMHblM yCTpOMCTBOM, 

a Taiwe onpeAeneHne pa3HocTefi cKopocTefi 

M3MeH6HHR ASLnbHOCTeM Me)KAy CKOpOCTflMM 

M3MeHeHna AanbHocTev^, BbiMncneHHbiMM no 
HSMepeHHAM Aon/iepoBCKUX cabhtob nacTOTbi 
BeAOMbiMH npHeMHbJMH ycrpoRcTBaMM M 

CKODOCTblO M3MeHeHMfl AaflbHOCTM , 

BbHHcneHHOM no M3MepeHMio AonnepoBCKoro 
cABHra nacTOTbi BeAymMM npMeMHUM 
ycrpoiicTBOM, 3aieM npon3BOAHT onpeAeneHMe 
ABOMHblX pa3H0CTeM AanbHocTefi n abomhwx 
pa3HOCTeft CKOpocTefl M3MeHeHMfl AaJibHOCTetf 
nyieM B3anMHoro BbiHMTaHMH Apyr M3 Apyra 
pa3HocTeR Aa/ibHocTeR n pa3HOCTefl cKopocTefl 

M3MeH6HHfl AaJlbHOCTePi. 

2. Cnoco6 no n. 1, 0T/iMHai0U4nKcfl TeM, hto 

Be Ay LAMM M BeAOMbIM npMeMHblMM 

ycTpoPlcTBaMM onpeAeneHMe pa3HOCTeK 
AanbHOCTeM npoM3BOAflT Mewy o6"beKTOM m 
AByMfl nonoweHMHMM cnyTHMKOB, 
onpeAenaeMbiMM MepHUM MHTepBanoM nyTeM 
M3MepeHM« npMpameHMM c})a3 necyiAMX c 
ncnonb30BaHMeM c()a30Bbix aBTonoACTpoex 
nacTOT cMCTeM cne>KeHMfl 3a HecyiAMMM 
HaBurauMOHHbix paAMOCMmanoB cnyTHHKOB. 

3. Cnoco6 no n.1, oTnMMaioiAM^cfl TeM, hto 
onpeAeneHMe Aso^Hbix pa3HocTe« AanbHOCTeM 

npOM3BOA«T Me)KAy O&beKTOM M AByMfl 

nono>KeHMflMM cnyTHHKOB, onpeAenaeMUMM 
MepHbiM MHTepBanoM, nyTeM M3MepeHMn 
pa3Hocre8 nacTOT flonnepa, npMHATbix 
npHeMHblMH ycTpofiCTBaMM c Mcnonb30BaHMeM 
KBaApaTypHbix cpa30Bbix ASTetaopoB, yMHo>KMB 
nx cpeAHMe 3HaM6Hkin Ha MepHbiM MHTepBan. 

4. Cnoco6 no nn.1 - 3, OTnMHatOLAM^cfl TeM, 
mto npMeMHoe ycTpoflCTBo BeAyiAero KaHana 
npMHMMaeT cumajibi MMMTaTopa cnyTHMKOBbix 
CMmanoB. 

5. Cnoco6 no n.3, OTnMMaioiAM^cf? TeM, ^to 
BbiAeneHMe CMmanoB c MacTOTaMM flonnepa 
npon3BOAflT nyTeM B03BeAeHMfl npMHMMaeMbix 
CMmanoB b KBaApaT c nocneAy»oiAMM BosBpaTOM 
nacTOT Ha MCKOMbie McnonbsoBaHMeM 
AenwTeneii nacroT. 
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